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Abs t r ac t  
Based on Japanese d a t a ,  t h e  environmental  manage- 
ment problem i n  t h e  i r o n  and steel i n d u s t r y  h a s  been in -  
v e s t i g a t e d  from v a r i o u s  p o i n t s  of  view. Some q u a l i t a t i v e  
c h a r a c t e r i s t i c s  of  t h e  p o l l u t i o n  problems i n  t h i s  i n d u s t r y  
are overviewed and c l a s s i f i e d  by comparing them wi th  po l lu -  
t i o n  problems i n  o t h e r  i n d u s t r i e s .  To make t h e  q u a n t i t a t i v e  
i n v e s t i g a t i o n  of p o l l u t i o n  phenomena i n  t h e  i r o n  and steel 
i ndus t ry ,  a  model p l a n t  i s  in t roduced wi th  modern p o l l u t i o n  
c o n t r o l  dev ices .  To prevent  t h e  sho r t age  of n a t u r a l  r e sou rces  
and t o  s o f t e n  t h e  environmental  c o n s t r a i n t s  i n  t h e  f u t u r e ,  
t h e  need f o r  r e c y c l i n g  systems f o r  t h e  wasted i r o n  and steel 
i s  emphasized from t h e  t o t a l  sys tem's  p o i n t  of  view. 

1  . I n t r o d u c t i o n  
A s  a r e s u l t  of  t h e  r e c e n t  s p r e a d i n g  of i n d u s t r i a l  deve lop-  
ment, human b e i n g s  a l l  o v e r  t h e  world are f a c i n g  a huge problem 
i n  env i ronmenta l  p o l l u t i o n .  T h i s  problem i s  now u r g e n t  world- 
wide and r e c e n t  e v e n t s ,  p a r t i c u l a r l y  i n  Japan ,  have been d r a m a t i c .  
For  Japan ,  t h e  urgency seems caused  fundamenta l ly  b o t h  by J a p a n ' s  
r a p i d  i n d u s t r i a l  development  and by t h e  l i m i t e d  a v a i l a b i l i t y  of  
J a p a n ' s  l a n d  r e s o u r c e s .  
An example o f  t h i s  r a p i d  i n d u s t r i a l  development  c a n  b e  
found i n  t h e  i r o n  and steel  i n d u s t r y  which h a s  i n c r e a s e d  pro-  
d u c t i o n  a t  h i g h  rates as shown i n  Tab le  1  .' A s  a r e s u l t  o f  r a p i d  
Tab le  1 .  Development o f  p i g  i r o n  and o r d i n a r y  
r o l l e d  steel  p r o d u c t s  i n  Japan  
3 ( 1  0  t o n / y e a r )  . 









development ( i n  s p i t e  o f  depending h e a v i l y  on  i m p o r t s  o f  i r o n  
and o r e  and s c r a p  from d i s t a n t  c o u n t r i e s  as shown i n  T a b l e  2 ) ,  
Japan  became t h e  t h i r d  l a r g e s t  producer  of  c r u d e  steel  i n  t h e  
world by 1970 as  shown i n  F i g u r e  1 .  T h i s  i s  a n  index o f  J a p a n ' s  
s u c c e s s f u l  i n d u s t r i a l  development ,  and t h i s  s u c c e s s f u l  development 
i s  owing t o  t h e  h i g h  c o n c e n t r a t i o n  of  p r o d u c t i o n  a c t i v i t y  w i t h i n  
l i m i t e d  areas. 
'see " S t a t i s t i c a l  Handbook of Japan ,  1972,"  Bureau of 
S t a t i s t i c s ,  O f f i c e  o f  t h e  Prime M i n i s t e r ,  Japan  S t a t i s t i c a l  
































































Table  2 .  I r o n  o r e  s o u r c e s  i n  J a p a n  
3 
( 0  1 0  t o n / y e a r )  . 
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F i g u r e  1 .  P r o d u c t i o n  o f  c r u d e  steel  
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I n  t h e  l i g h t  of bo th  t h e  r a p i d  development and t h e  concen- 
t r a t e d  i n d u s t r i a l  a c t i v i t y ,  it i s  t h e r e f o r e  n o t  r e a l l y  s u r p r i s i n g  
t h a t .  t h e  Japanese  government suddenly passed f o u r t e e n  laws d e a l i n g  
w i t h  p o l l u t i o n  and t h e  environment i n  1970 t o  p r o t e c t  t h e  l and  
from p o l l u t i o n .  These  laws soon a f f e c t e d  i n d u s t r y :  a f t e r  t h e  
comple t ion  o f  c o n s t r u c t i o n  f o r  Kobe S t e e l ' s  Kakogawa No. 2  b l a s t  
- f u r n a c e ,  o p e r a t i o n  had t o  be de layed  u n t i l  t h e  p o l l u t i o n  c o n t r o l  
q u e s t i o n s  had been s e t t l e d  w i t h  t h e  c i v i l  a u t h o r i t i e s . 2  I t  must 
be s a i d ,  however, t h a t  modern i r o n  and steel making p l a n t s  a r e ,  
g e n e r a l l y  speak ing ,  w e l l  c o n s t r u c t e d  l a r g e  systems ope ra t ed  by 
h i g h l y  computer ized c o n t r o l  d e v i c e s .  I n  c o n t r a s t ,  p o l l u t i o n  
c o n t r o l  sys tems a r e  s t i l l  n o t  v e r y  w e l l  c o n s t r u c t e d ,  and t h e r e -  
f o r e  environmenta l  p o l l u t i o n  i s  n o t  v e r y  w e l l  c o n t r o l l e d .  The 
fundamental  r e a s o n s  f o r  t h i s  a r e  involved w i th  p o l l u t i o n  c o n t r o l  
inves tment :  
1 )  p roduc t i on  costs w i l l  i n c r e a s e  owing t o  p o l l u t i o n  c o n t r o l  
i n  o r d e r  t o  pay f o r  bo th  t h e  development o f  t h e  t echno logy  
and t h e  d e v i c e s  themselves ;  
2 )  p o l l u t i o n  c o n t r o l  t echno logy  i s  behind i n  i t s  development 
owing t o  i t s  c o s t s  ( f o r  example, t h e  exhaus t  g a s  de-  
s u l p h u r i z a t i o n  t e chn ique  is s t i l l  n o t  e s t a b l i s h e d  and i s  
s t i l l  under  r e s e a r c h ) ;  and from t h i s  f u r t h e r  t h e r e  i s  a  
l a c k  o f  t echno logy  t o  r e c y c l e  and t o  u t i l i z e  waste  m a t e r i a l .  
C l e a r l y ,  as env i ronmenta l  q u a l i t y  c o n t r o l  l a w s  become more s t r i n g e n t  
it w i l l  become i n c r e a s i n g l y  nece s sa ry  t o  t a k e  them i n t o  account  
beforehand;  t h e  impact  o f  environmenta l  c o n s t r a i n t s  on i n d u s t r y  
w i l l  become more pronounced i n  t h e  f u t u r e .  
I n  t h i s  paper ,  s e v e r a l  a s p e c t s  of environmenta l  p o l l u t i o n  from 
t h e  i r o n  and steel i n d u s t r y  w i l l  b e  examined w i t h  a  view t o  t h e  
f o l l owing :  
a )  c l a r i f i c a t i o n  o f  p o l l u t i o n  problem c h a r a c t e r i s t i c s '  i n  
t h e  i r o n  and steel  i n d u s t r y  by comparing them w i t h  t h o s e  
o f  o t h e r  i n d u s t r i e s ;  
b)  c l a s s i f i c a t i o n  o f  environmenta l  p o l l u t i o n  i n  t h e  i r o n  
and steel  i n d u s t r y  more i n  d e t a i l ;  
c)  survey  of a  model p l a n t  which h a s  adopted modern p o l l u t i o n  
c o n t r o l  d e v i c e s ;  
d )  cons t ruc . t i on  of  a  fundamental  framework a s  a b a s i s  from 
which t o  i n v e s t i g a t e  t h e  t o t a l  management o f  environmenta l  
p o l l u t i o n  i n  t h e  i r o n  and steel  i n d u s t r y  i n  t h e ' f u t u r e .  
21. Codd, " P o l l u t i o n  Con t ro l  and t h e  I r o n  and S t e e l  I ndus t ry , ' '  
Repor t  o f  t h e  Th i rd  I n t e r r e g i o n a l  Symposium on t h e  I r o n  and S t e e l  
I n d u s t r y  o rgan i zed  by U N I D O  ( B r a s i l i a ,  B r a z i l ,  O c t .  14-21 , 1973) , 
pp. 1-50. 
2. P o l l u t i o n  Problem C h a r a c t e r i s t i c s  i n  t h e  I r o n  and S t e e l  
I n d u s t r y  
~t i s  e s s e n t i a l  t h a t  w e  examine t h e  i n d u s t r i a l  p o l l u t i o n  and 
was te  problems w i t h  a  broad p o i n t  o f  view; e a c h  i n d u s t r y  i s  con- 
n e c t e d  w i t h  many o t h e r  i n d u s t r i a l  a c t i v i t i e s .  For  example, e n v i -  
ronmenta l  c o n s t r a i n t s  i n  t h e  steel i n d u s t r y  a r e  a f f e c t e d  by o t h e r  
i n d u s t r i e s .  I n  t h i s  s e c t i o n ,  based on J a p a n e s e  d a t a ,  l e t  u s  
c l a r i f y  b r i e f l y  t h e  c h a r a c t e r i s t i c s  o f  p o l l u t i o n  problems i n  t h e  
i r o n  and s teel  i n d u s t r y  compared w i t h  o t h e r  i n d u s t r i e s .  
F i r s t  o f  a l l ,  it i s  n e c e s s a r y  t o  i n v e s t i g a t e  t h e  q u a l i t y  
and q u a n t i t y  of i n p u t s  i n t o  each  i n d u s t r y ,  f o r  example, raw 
m a t e r i a l s ' ,  e n e r g y ,  w a t e r  r e s o u r c e s ,  and s o  on: a v a i l a b l e  i n p u t  
m a t e r i a l s  and e n e r g y  rough ly  d e t e r m i n e  t h e  c h a r a c t e r i s t i c s  o f  
t h e  p o l l u t i o n  i n  e a c h  i n d u s t r y .  A s  an example,  l e t  u s  c o n s i d e r  
one  o f  t h e  most  i m p o r t a n t  f a c t o r s  of  a i r  p o l l u t i o n ,  s u l f u r  
o x i d e s .  
The g e n e r a t i o n  o f  SO depends  on  t h e  q u a l i t y  o f  a v a i l a b l e  
X 
f u e l  o i l ,  c o a l ,  and i r o n  ore. For  example, T a b l e  3  shows t h e  
amount o f  heavy o i l  used  by J a p a n e s e  i n d u s t r i e s  i n  1970. The 
- 
a v e r a g e  p e r c e n t a g e  o f  s u l f u r  i n  class C heavy o i l  i s  1 .93%.  3  
T h i s  t a b l e  shows t h a t  t h e  q u a l i t y  o f  heavy o i l  u s e d  m o s t l y  by 
t h e  i r o n  and s teel  i n d u s t r y  i s  a t  a  r e l a t i v e l y  low l e v e l .  
Tab le  3. Heavy o i l  consumption by i n d u s t r i e s  
3  i n  Japan  i n  1970 ( 0  10 k l / y e a r ) .  
3 ~ .  Furusawa , "An Overview o f  Technology f o r  Environmenta l  
P o l l u t i o n  C o n t r o l ,  No. 1 "  Kogai-boshi-sangyo (Environmenta l  P o l l u -  
t i o n  C o n t r o l ) ,  - 3 ,  1  ( 1 9 7 3 ) ,  2-13 ( i n  J a p a n e s e ) .  
I n d u s t r y  
i r o n  and steel  
food 
t e x t i l e  
p u l p ,  Paper  
chemica l  
ce ramic  
non- fe r rous  m e t a l s  
mining 
elec t r ic  power 
etc . 
t o t a l  
Heavy o i l  
















































Next, t h e  consumption o f  c o a l  by each  i n d u s t r y  i n  Japan (1970) 
i s  shown i n  Tab le  4 .  T hi s  t a b l e  shows t h a t  63% of t h e  c o a l  
used was consumed by t h e  i r o n  and steel i n d u s t r y .  Because o f  
t h i s  g r e a t  amount o f  f u e l  consumption t o g e t h e r  w i t h  raw m a t e r i a l s ,  
t h e  i r o n  and steel i n d u s t r y  g e n e r a t e s  huge amounts of  SOx which 
goes  i n t o  t h e  a i r  as  shown i n  Tab le  5 (see Furusawa c i t e d  a b o v e ) .  
Now l e t  u s  t u r n  b r i e f l y  t o  c o n s i d e r  wa te r  p o l l u t i o n  problems.  
F r e s h  wa te r  i s  r e c y c l e d  r e l a t i v e l y  w e l l  i n  t h e  i r o n  and steel  
i n d u s t r y .  However, as  shown i n  Tab le  6 ,  t h e  amount used i s  v e r y  
h igh .5  I n  a d d i t i o n  t o  f r e s h  wa t e r ,  sea water  i s  needed i n  amounts 
two t o  t h r e e  t i m e s  g r e a t e r .  A s  a r e s u l t  of t h i s  wa te r  consumption,  
it i s  n e c e s s a r y  t o  t r e a t  l a r g e  amounts o f  was te  w a t e r .  
Next, l e t  u s  b r i e f l y  d i s c u s s  t h e  s o l i d  was te  problem i n  t h e  
i r o n  and s teel  i n d u s t r y .  Tab le  7 shows t h e  t o t a l  amount of s o l i d  
w a s t e s  exhaus ted  by each  i n d u s t r y  i n  ~ a ~ a n .  Though t h e  s o l i d  
w a s t e s  g en e r a t ed  i n  t h e  i r o n  and steel i n d u s t r y  a r e  of  g r e a t  
q u a n t i t i e s ,  t h e y  a r e  r e l a t i v e l y  w e l l  reused  by o t h e r  i n d u s t r i e s ;  
f o r  example, b l a s t  f u r n a c e  s l a g  i s  r eused  a s  shown i n  Tab le  8 
(see Hisada,  1972) . 
L a s t l y ,  l e t  u s  c o n s i d e r  t h e  problem of p o l l u t i o n  c o n t r o l  
inves tment .  F i g u r e  2 shows t h a t  t h e  p o l l u t i o n  c o n t r o l  inves tment  
by l a r g e - s c a l e  i n d u s t r i e s  i n  Japan ,  o f  l a t e ,  i s  abou t  101 of t h e i r  
t o t a l  inves tment ,  and t h i s  a p p e a r s  q u i t e  h i g h  even when compared 
7 
I t o  t h e  US l e v e l .  I n  t h e  p a s t ,  t h i s  t y p e  of  inves tment  h a s  been 
v e r y  low, e s p e c i a l l y  f o r  t h e  i r o n  and steel,  pe t rochemica l ,  p u l p  
and paper ,  and o t h e r  i n d u s t r i e s  which a r e  l a r g e  consumers of  en- 
v i ronmenta l  r e s o u r c e s .  
F i g u r e  3 shows some r e s u l t s  o f  t h e  impact  of t h e  p r i c e  of  
p o l l u t i o n  c o n t r o l  on v a r i o u s  f i n i s h e d  manufactured goods, assuming 
t h a t  i n  t h e  f u t u r e  a f i x e d  r a t e  o f  p o l l u t i o n  p r e v e n t i o n  c o s t  p e r  
s a l e  i s  passed on i n  t h e  form of a p r i c e  i n c r e a s e .  A s  w e  can  see, 
4 K. Hisada,  "The Role o f  Chemis t ry  i n  S t e e l  I n d u s t r y , "  
~agaku-kogyo  (Chemical I n d u s t r y )  , 23, 1 1 (1 972) , 33-40 ( i n  Japanese )  . 
5 ~ .  S u g i k i ,  "Water Pollution--Phenomenon and C o n t r o l ,  I' 
Giho-do ( 1  974) ( i n  J ap an ese )  . 
6 ~ .  Iwasak i ,  "On Treatment  o f  Sludge by I n c i n e r a t i o n ,  " 
G i  ju t su - to -koga i  (Techniques  and P o l l u t i o n )  , - 2 ,  10 (1  972) , 
38-46 ( i n  J a p a n e s e ) .  
7 " ~ u a l i t y  of t h e  Environment i n  Japan ,  1973,"  Environment 
Agency of  Japan  (1 974) . 
L 
a l l  i n d u s t r i e s  wh ich  h e a v i l y  p o l l u t e  t h e  a i r  ( c h i e f l y  t h e  i r o n  
and  s t e e l ,  c emen t ,  g a s  and  e l e c t r i c i t y  i n d u s t r i e s )  o r  w a t e r  
( c h i e f l y  t h e  p r o c e s s e d  f o o d ,  s y n t h e t i c  f i b e r ,  p u l p  and  p a p e r ,  
and c h e m i c a l  i n d u s t r i e s )  w i l l  have  h i g h  r a t e s  o f  i n v e s t m e n t  
i n  p o l l u t i o n  p r e v e n t i o n ,  l e a d i n g  e v e n t u a l l y  t o  a h i g h  r a t e  o f  
p r i c e  i n c r e a s e  (see " O u a l i t y  o f  t h e  Env i ronmen t  i n  J a p a n ,  1 9 7 3 " ) .  
However, p r i c e  i n v e s t i g a t i o n s  o f  t h i s  t y p e  are  s t i l l  u n d e r  way, 
and  much more e f f o r t  m u s t  be  f o c u s e d  i n  t h i s  d i r e c t i o n .  
T a b l e  4 .  Consumption o f  coal  by i n d u s t r y  
i n  J a p a n  i n  1970 ( *  1  o3  t o n / y e a r )  . 
T a b l e  5. E m i s s i o n  o f  SOx by i n d u s t r y  
i n  J a p a n  i n  1970 ( =  1  o 3  t o n / y e a r )  
I n d u s t r y  
i r o n  and  s tee l  
e lec t r i c  
b r i q u e t t e  
g a s  
c o k e  
f u e l  f o r  r a i l w a y  
ceramic 
c h e m i c a l  f e r t i l i z e r  
g e n e r a l  f u e l  use 
etc . 
t o t a l  
C o a l  
55,472  
18 ,826  
2 ,545  
2 ,339  




2 , 4 1 3  
2 ,962  
88 ,372  
P e r c e n t a g e  
29 .5  
26 .8  
12 .8  
8 . 6  
5 .9  
16 .4  
100 
I n d u s t r y  
elec t r ic  power 
i r o n  and  s tee l  
c h e m i c a l  
ceramic 
p u l p  , p a p e r  
etc.  
t o t a l  
E x h a u s t  amount  
o f  SO 
1 , 7 6 4  
1 , 6 0 4  
766 
51 2  
352 
882 
5 , 8 8 0  
Table 6. Consumption of fresh water by 
industry in Japan in 1969. 
Indus t ry  Uni t  of water 
consumption 
























( 0  10 yenlyear )  
Amount of 
f r e s h  water 






















i r o n  & s t e e l  
food 
t e x t i l e  
c l o t h i n g  
lumber & wood 
products  
f u r n i t u r e  & 
f i x t u r e s  
pulp,  paper 
& a l l i e d  pro- 
d u c t s  
p r i n t i n g  8 
publ i sh ing  
va r ious  c  hem- 
i c a l  i n d u s t r i e s  
r e f i n i n g  of 
coa l  & o i l  
rubber products  
l e a t h e r  & l e a t h e r  
products  
ceramics 
nonferrous meta l s  
metal products  
mechanical 
i n d u s t r y  
e l e c t r i c a l  
machinery 
t r a n s p o r t  
equipment 
p r e c i s i o n  
i n d u s t r y  
e t c .  
t o t a l  
Recyc l i n g  












































Table 7. S o l i d  wastes  exhausted by i n d u s t r y  
4 i n  Japan i n  1970 ( 0  10 ton /year )  . 
Indus t ry  Exhausted s o l i d  wastes  Percentage 
Table 8. Reuse of b l a s t  fu rnace  s l a g  i n  Japan 
3 i n  1971 ( 0  10 t on /yea r ) .  
i r o n  & s t e e l  
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products  
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Figure 2. Pollution control investment of 
large enterprises in Japan. 
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(B) AIR POLLUTION 
: DIRECT RISE I N  PRICE BY INCREASE OF COST 
KZZZZZI : RISE I N  PRICE BY DIRECT AND INDUCED EFFECTS ON COST 
Note: Induced e f f e c t s  on c o s t  a r e  e s t ima ted  us ing  1-0 a n a l y s i s .  
F igure  3 .  E f f e c t s  of p o l l u t i o n  c o n t r o l  on p r i c e s .  
3.  C l a s s i f i c a t i o n  of  Environmenta l  P o l l u t i o n  i n  t h e  I r o n  
and S t e e l  I n d u s t r y  
I n  t h e  prevLous s e c t i o n ,  it was s t a t e d  rougll ly t h a t  t h e  
i r o n  and s t e e l  i n d u s t r y  consumes l a r g e  amounts of raw m a t e r i a l s ,  
ene rgy ,  and w a t e r  and e x h a u s t s  a i r  and w a t e r  p o l l u t a n t s  and 
s o l i d  w a s t e s  i n t o  t h e  envi ronment .  I n  t h i s  s e c t i o n ,  l e t  u s  
c l a s s i f y  t h e  env i ronmenta l  p o l l u t i o n  i n  t h e  i r o n  and s tee l  i n -  
d u s t r y  i n  more d e t a i l .  Much r e s e a r c h  h a s  been done on t h e  
c l a s s i f i c a t i o ~  of p o l l u t a n t s  and s o l i d  w a s t e s  i n  t h e  i r o n  and 
s t e e l  i n d u s t r y  from v a r i o u s  a s p e c t s .  R e c e n t l y ,  f o r  example, a n  
i n t e r n a t i o n a l  s p p o s i u m  was h e l d  on env i ronmenta l  c o n t r o l  i n  t h e  
- - 
s t e e l  i n d u s t r y  i n  Tokyo. 9  
Because 6n  i r o n  and s tee l  making p l a n t  i s  a  l a r g e ,  complex 
sys tem,  i t s  p o l l u t i o n  phenomena a r e  f u l l  of  v a r i e t y ;  t h e  p l a n t  
c a u s e s  a i r ,  w a t e r ,  s o i l  and t h e r m a l  p o l l u t i o n ,  s o l i d  w a s t e s ,  
n o i s e ,  v i b r a t i o n ,  and odor .  C l e a r l y ,  it i s  n o t  a n  e a s y  t a s k  t o  
c l a s s i f y  i n  p e r f e c t  d e t a i l  t h e  p o l l u t i o n  phenomena i n  t h e  i r o n  
and s t e e l  i n d u s t r y ;  however, t h e  i m p o r t a n t  i t e m s  o f  p o l l u t a n t s  
a r e  d i s c u s s e d  below. 
Impor tan t  a i r  p o l l u t a n t s  i n c l u d e  t h e  p a r t i c u l a t e s  SO NOx, 
X I  
CO, HC; f o r  w a t e r  p o l l u t i o n ,  such i t e m s  a s  pheno l s ,  CN, s p e n t  
a c i d  ( h y d r o c l o r i c  a c i d ,  chromic a c i d ) ,  w a t e r  w i t h  wasted  o i l ,  
suspended s o l i d s  (SS) and contaminated  r i n s e  w a t e r  must be con- 
s i d e r e d .  For s o l i d  w a s t e s ,  s l a g  i s  t h e  most i m p o r t a n t  m a t e r i a l ;  
f o r  odor ,  hydrogen s u l f i d e  must be t a k e n  i n t o  a c c o u n t .  I n  Codd 
( 1 9 7 3 ) ,  Bond and S t r a u b  ( 1 9 7 2 ) ,  and R u s s e l l  and Vaughn (1974) 10 
d e t a i l e d  i n v e s t i g a t i o n s  have been c a r r i e d  o u t  f o r  t h e  c l a s s i f i c a -  
t i o n  of p o l l u t a n t s  and t h e i r  g e n e r a t i o n  s o u r c e s .  
P o l l u t i o n  phenomena a r e  shown t o g e t h e r  w i t h  a  s i m p l i f i e d  
m a t e r i a l  f low i n  a n  i r o n  and s t e e l  making p l a n t  i n  F i g u r e  4 .  I n  
t h i s  f low diagram,  p o l l u t i o n  phenomena such a s  s o i l  p o l l u t i o n ,  
n o i s e ,  v i b r a t i o n ,  and odor  a r e  o m i t t e d .  P o l l u t i o n  problems owing 
t o  power g e n e r a t i o n  p l a n t s  and o t h e r  i n c i d e n t a l  p l a n t s  a r e  a l s o  
o m i t t e d ;  t h e  secondary  and t e r t i a r y  p o l l u t i o n s  a r e  a l s o  o m i t t e d .  
Note t h a t  i n  F i g u r e  4 w e  have a  t y p i c a l  example o f  secondary  
p o l l u t i o n  i n  w a t e r  p o l l u t i o n  because  a i r  p o l l u t i o n  i s  c o n t r o l l e d  by 
a  wet s c r u b b e r .  
*see Codd ( 1 973) c i t e d  above.  See "Environmenta l ,  Hea l th  , 
and Human Eco log ic  C o n s i d e r a t i o n s  i n  Economic Development Pro- 
j e c t s " ,  Fiorld Bank ( 1 9 7 4 ) ,  pp. 111-113; A i r  ~ o l l u t i o n ,  v o l .  1  of 
CRC Handbook of  Environmenta l  C o n t r o l ,  e d .  R.G.  Bond and C.P.  
S t r a u b  (Cleve land ,  Ohio, CRC P r e s s ,  1972) .  
g " ~ e p o r t  on t h e  Symposium on Environmental  C o n t r o l  i n  t h e  
S t e e l  I n d u s t r y " ,  Feb. 18-21, 1974, (Tokyo, I n t e r n a t i o n a l  I r o n  
and S t e e l  I n s t i t u t e ) .  
O C .  S.  R u s s e l l  and 1.i. J. Vaughn, "A Linear  programming Model 
of R e s i d u a l s  Management f o r  I n t e g r a t e d  I r o n  and S t e e l  P r o d u c t i o n , "  
J.  - Environmental  ~ c o n o m i c s  and Management, 1 ,  1 (19741, 17-42. 
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The n e x t  s t e p  c f  t h e  i n v e s t i g a t i o n  i s  t o  b u i l d  a  f low 
diagram i n  which t h e  amount of  gene ra t ed  p o l l u t a n t s  i s  shown 
f o r  each  p r o c e s s  i n  t h e  steel  making p l a n t .  W e  s h a l l  r e t u r n  
t o  t h i s  problem i n  t h e  f o l l o w i n g  s e c t i o n .  
4 .  Survey of  a  Model P l a n t  which Has Adopted Modern P o l l u t i o n  
C on t r o l  Devices 
I n  t h e  p r e v i o u s  s e c t i o n ,  no q u a n t i t a t i v e  i n v e s t i g a t i o n  of  
p o l l u t i o n  i n  t h e  i r o n  and steel i n d u s t r y  w a s  shown. The q u a n t i -  
t a t i v e  i n p u t - o u t p u t  r e l a t i o n s h i p  o f  a p l a n t  depends on t h e  s i z e  
o f  t h e  p l a n t ,  t y p e  o f  p r oduc t i on ,  l e v e l  o f  t echno logy ,  q u a l i t y  
of i n p u t  m a t e r i a l s ,  and s o  on. Fur thermore ,  s i n c e  t h e  r e c e n t  
development of  p o l l u t i o n  c o n t r o l  t echno logy  h a s  been ve ry  r a p i d ,  
it i s  a  d i f f i c u l t  t a s k  t o  e v a l u a t e  t h e  p o l l u t i o n  c o n t r o l  e f f e c t s .  
I t  i s  i m p o r t an t ,  however, t o  p l a n  a  model p l a n t  i n  which 
modern p o l l u t i o n  c o n t r o l  d e v i c e s  a r e  adop ted .  Recen t ly ,  a  few 
s t u d i e s  have been done i n  t h i s  d i r e c t i o n , ' '  and i n  t h i s  s e c t i o n  
w e  w i l l  b r i e f l y  su rvey  a  model p l a n t  i n v e s t i g a t e d  by J. Nakagawa. 
F i r s t  of  a l l ,  it i s  nece s sa ry  t o  t r a c e  t h e  i npu t -ou tpu t  
r e l a t i o n s h i p  o f  t h e  whole p l a n t .  For a  model p l a n t  t h a t  pro- 
duces  s i x  m i l l i o n  t o n s  of  steel  p e r  y e a r ,  t h e  rough m a t e r i a l  f l ow  
i s  e s t i m a t e d  i n  F i g u r e  5. I t  is  a l s o  e s t i m a t e d  t h a t  heavy o i l  
energy  i n p u t s  o f  89.6 kl/h and elec t r ic  power i n p u t s  of  2,250 
6 10 kwh/year ( = 375 kwh/ton o f  s tee l  i r o n )  a r e  nece s sa ry ;  f u r t h e r ,  
6 3  f r e s h  wa t e r  i n p u t s  of  73 10 ton /year  ( = 200 10 ton /day)  a r e  
n e c e s s a r y  f o r  t h e  i n d u s t r i a l  wa te r  f o r  t h i s  model p l a n t .  (No 
c o o l i n g  w a t e r  i s  i n c l u d ed  i n  t h i s  f i g u r e .  ) 
F i g u r e  6  shows an  i l l u s t r a t i v e  p i c t u r e  of  t h e  p l a n t  i n  
which a i r  and wate r  p o l l u t i o n  c o n t r o l  d e v i c e s  a r e  adopted f o r  
each  p ro ce s s .  I n  t h i s  k ind  of  r e s e a r c h ,  o n l y  p a r t i c u l a t e s  and 
s u l f u r  o x i d e s  of  a i r  p o l l u t a n t s  and some items of wa te r  p o l l u t i o n  
a r e  i n v e s t i g a t e d ;  p o l l u t i o n  c o n t r o l  e f f e c t s  a r e  a l s o  t aken  i n t o  
accoun t .  The r e s u l t s  t h a t  w e r e  ob t a ined  h e r e  a r e  surnrnarized'in 
T a b l e s  9 and 10.  I n  t h i s  r e s e a r c h ,  secondary  p o l l u t i o n  from a i r  
p o l l u t i o n  c o n t r o l  by a  w e t  s c r u b b e r  i s  t a k e n  i n t o  accoun t .  A s  
a r e s u l t ,  t h e  e s t i m a t e  f o r  t h e  c o n s t r u c t i o n  inves tment  of  p o l l u -  
t i o n  c o n t r o l  equipment i s  10.9% of  t h e  t o t a l  c o n s t r u c t i o n  i n -  
ves tment  of  t h e  model p l a n t .  
See Codd ( 1  973) and J. Nakagawa, " Q u a n t i t a t i v e  Ana ly s i s  
o f  P o l l u t a n t s  i n  I r o n  and S t e e l  I n d u s t r y , "  Kogpi-kenkyu (J. Environ- 
menta l  P o l l u t i o n ) ,  - 1 (1 972) , 38-50 ( i n  J apanese )  . 
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dust collector exhaust gas desulfurization 
A \. C \ 
treatment 
F i g u r e  6. A i r  and water p o l l u t i o n  c o n t r o l  equipment  
i n  a n  i r o n  and s tee l  making p l a n t .  
5. T o t a l  Management o f  Environmenta l  P o l l u t i o n  i n  t h e  S t e e l  
I n d u s t r y  
I n  t h e  p r e v i o u s  s e c t i o n s ,  t h e  complex i ty  of  t h e  p o l l u t i o n  
problem i n  t h e  i r o n  and s tee l  i n d u s t r y  w a s  reviewed from v a r i o u s  
a s p e c t s .  I n  t h i s  s e c t i o n ,  l e t  u s  summarize t h e  env i ronmenta l  
management problems i n  t h e  i r o n  and steel  i n d u s t r y  from t h e  t o t a l  
s y s t e m ' s  p o i n t  of  view. 
Table 9 .  Air p o l l u t i o n  and its contro l  i n  an iron  
and steel making model p lant .  
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The environmental management and control problems that must 
be taken into account at each level of the industry are planning, 
scheduling, and operations. Particularly, special emphasis 
must be placed at the planning level. Here, the location and 
the scale of the plant must be checked not only from the stand- 
points of available raw materials, energy, water, and transpor- 
tation problems, but also from local environmental conditions. 
Because nature has the ability of self-purification, we must 
control the exhausted amounts of pollutants to keep within the 
upper limit of nature's environmental self-purification capacity. 
Nature's self-purification ability depends on many factors such 
as meteorological change by day and by season. Until now, no 
exact standard defining the capacity of nature's self-purification 
has been found. 
As a basis for the consideration of environmental management 
for the iron and steel industry, we must build a mathematical 
model which clarifies the input-output relationship of the whole 
plant. The model would include the relationships between raw 
materials, energy, water, production, pollutants, waste materials, 
and so on. Generally, these relationships depend on the level 
of production technology, and qualities of raw materials and 
energy. Based on this model, we must determine the pollution 
control policy at each process. This means determining the best 
pollution control devices and their capacities together with the 
pollution control investment. As an example, the distribution 
of the particulate size differs for each process, and thus it is 
necessary to determine the best pollution control devices taking 
the characteristics of the pollutant into account. Furthermore, 
we must investigate the problem of loss of efficiency owing to 
pollution control devices (for example, pressure loss caused by 
air pollution control equipment), necessary amounts of energy 
(and water) to drive the devices, and the costs involved. At 
the same time, it is necessary to consider secondary and tertiary 
aspects of pollution management. 
Finally, computer control is necessary to operate all pro-( 
cesses under optimal conditions. For example, incompletely 
burned fuel causes high costs and it generates pollution; it can 
be prevented by computer controlled adjustment devices. Also 
production processes and pollution control devices slowly change 
their characteristics as they age, and it becomes necessary to 
repair the devices or otherwise change operating conditions to 
maintain the best possible operating conditions in the plant. 
Cle'arly, the pollution control investment increases the price 
of production, and the economic aspects of the pollution control 
management must be taken into account on the long range planning 
level. 
6. Conclusions 
In this paper, based on Japanese data, the pollution problem 
in the iron and steel industry has been investigated from various 
points of view. Together with the effort to develop individual 
p o l l u t i o n  c o n t r o l  t e c h n o l o g i e s ,  it a p p e a r s  n e c e s s a r y  t o  approach  
t h i s  problem th rough  t h e  a p p l i c a t i o n  o f  modern sys tems s c i e n c e  
t e c h n i q u e s  because  of  t h e  c o m p l e x i t i e s  invo lved .  Fur thermore ,  
i n  a d d i t i o n  t o  t h e  management of  t h e  env i ronmenta l  p o l l u t i o n  
problem w i t h i n  t h e  i r o n  and steel  making p l a n t ,  w e  need t o  b u i l d  
r e c y c l i n g  sys tems f o r  w a s t e  i r o n  and steel t o  p r e v e n t  a s h o r t a g e  
of  n a t u r a l  r e s o u r c e s .  I n  F i g u r e  7,  t h e  amount o f  w a s t e  i r o n  and 
- 
steel  r e c y c l e d  i n  Japan  i s  shown;12 w e  c a n  see h e r e  t h a t  a con- 
s i d e r a b l e  p e r c e n t a g e  of  w a s t e  i r o n  and steel i s  consumed as  r a w  
material i n ' t h e  s teel  i n d u s t r y  once  a g a i n .  However, i f  we m i s -  
u s e  i n d u s t r i a l  p r o d u c t i o n  w e  w i l l  f a c e  n o t  o n l y  a s h o r t a g e  of  
n a t u r a l  r e s o u r c e s ,  b u t  many s t r o n g e r  env i ronmenta l  c o n s t r a i n t s  
i n  t h e  f u t u r e .  
12 G .  J i n p o ,  "Can w e  Harmonize I n d u s t r i a l  A c t i v i t i e s  w i t h  
t h e  Environment?" Nikkan-kogyo-shinbunsha (1.973), 130 ( i n  
J a p a n e s e )  . 
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